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JOKULHLAUPS FROM STRANDLINE LAKE, ALASKA, 
WITH SPECIAL ATTENTION TO THE 1982 EVENT 

by 
Matthew s turml  and C a r l  S. Benson 2 

ABSTRACT 

J ~ k u l h l a u p s ,  o r  o u t b u r s t  f l o o d s ,  have o c c u r r e d  e v e r y  1 t o  5 y r  from 
S t r a n d l i n e  Lake, one of t h e  l a r g e s t  glacier-dammed l a k e s  i n  North America. 
They f l o o d  t h e  Beluga R i v e r ,  which was once i n  an  undeveloped r e g i o n  b u t  now 
i s  spanned by b r i d g e s  and power l ines  l e a d i n g  t o  A l a s k a ' s  l a r g e s t  u rban  a r e a .  
I n  1982, we i n i t i a t e d  a  s t u d y  of t h e  mechanisms t h a t  produce t h e s e  j a k u l h l a u p s  
t o  improve o u r  a b i l i t y  t o  p r e d i c t  them and t h e r e b y  t o  m i t i g a t e  t h e i r  damages. 
R e l i a b l e  p r e c u r s o r s  appear  t o  be development of a d i s t i n c t  c a l v i n g  embayment 
i n  t h e  l o b e  of t h e  Tr iumvi ra te  G l a c i e r ,  which dams S t r a n d l i n e  Lake, and form- 
a t i o n  of a  number of s u p r a g l a c i e r  poo l s .  Contour maps made from photos  t a k e n  
immediately b e f o r e  and a f t e r  t h e  j a k u l h l a u p  of September 17,  1982 i n d i c a t e  
t h a t  o v e r  95 p e r c e n t  of t h e  l a k e  d r a i n e d ,  r e l e a s i n g  about  7  x lo8 m3 of w a t e r .  
The l a k e  is dammed by a  g l a c i e r  l o b e  t h a t  f r a c t u r e s  and s u b s i d e s  d u r i n g  a  
j 8 k u l h l a u p ,  which i n d i c a t e s  t h a t  t h e  r e l e a s e  mechanism i s  h y d r o s t a t i c  l i f t i n g  
of i c e  o f f  a  s u b g l a c i a l  s p i l l w a y ;  t h e  exposed a r e a s  su r rounding  t h e  g l a c i e r  
margins s u g g e s t  t h a t  t h e  s p i l l w a y  may b e  c o n t r o l l e d  by bedrock.  Large v a r i a -  
t i o n s  occur  i n  t h e  r e f i l l i n g  p e r i o d  of S t r a n d l i n e  Lake. M o d i f i c a t i o n s  of 
s u b g l a c i a l  d r a i n a g e  i n t o  S t r a n d l i n e  Lake a s  a  r e s u l t  of j 8 k u l h l a u p s ,  combined 
w i t h  complex sub- and marg ina l  d r a i n a g e  p a t t e r n s ,  appear  t o  e x e r t  c o n t r o l s  
which a r e  n o t  unders tood b u t  which c o n t r i b u t e  t o  t h e  v a r i a b l e  f i l l i n g  r a t e s .  

'u.s. Army Cold Regions Research and Engineer ing  Labora to ry ,  F t  . Wainwright,  
Alaska 99703-7860. 

' ~ e a ~ h ~ s i c a l  I n s t i t u t e ,  U n i v e r s i t y  of Alaska ,  Fa i rbanks ,  Alaska 99775. 



Figure 1. Locat ion map of s tudy a r ea .  Note powerline from Beluga n a t u r a l  gas  f i e l d  t o  Anchorage which 
c r o s s e s  t h e  Beluga River  near  i t s  mouth. 



INTRODUCTION 

The Icelandic term 'jakulhlaup' refers to a flash flood produced when 
water trapped within or behind a glacier is suddenly released. JBkulhlaups 
may be caused either by the breakout of a glacier-dammed lake or the release 
of a water reservoir produced by geothermal heat beneath a glacier. Most 
jakulhlaups in Alaska occur from glacier-dammed lakes. JUkulhlaups are 
characterized by rapid, extremely high discharges. Discharges increase 
exponentially with time, because drainage tunnels in the ice increase in 
diameter as their walls melt from dissipation of potential energy created 
by the flowing water (Matthews, 1973; BjBrnsson, 1974; Nye, 1976). 

This paper discusses jBkulhlaups from glacier-dammed Strandline Lake; 
it is based on a detailed analysis of topographic maps made by photogrammetry 
from vertical aerial photographs taken immediately before and after the j8kul- 
hlaup of September 17, 1982, together with field observations and historical 
records, including eyewitness accounts of jukulhlaups since 1940. Strandline 
Lake, one of the largest active glacier-dammed lakes in North America (Post 
and Mayo, 1971; Matthews, personal commun., 1982), has tunneled under its ice 
dam and flooded the Beluga River every 1 to 5 yr for at least the past 25 yr. 
Once a remote wilderness river, the Beluga River is now spanned by bridges 
and powerlines leading to Anchorage, Alaska's largest city. The destructive 
consequences of jakulhlaups from Strandline Lake have greatly increased. 

Strandline Lake appears to drain after reaching a critical level where 
the ice dam lifts enough to break the seal on a subglacial spillway and trig- 
gers a jakulhlaup. Long-range prediction of jakulhlaups could be based on the 
filling rate of the lake basin, since the critical high-water level is known, 
but the filling rate is so variable that monitoring would have to be more 
closely controlled than is feasible for a lake this remote. We have therefore 
attempted to identify some precursors of jakulhlaups that may be observed from 
aircraft or satellite. These include rapid calving from the glacier front 
that dams the lake and the filling of a number of small, marginal supraglacier 
pools (Sturm and Benson, 1982; 1985). 

FLOOD HISTORY 

A partial history of jakulhlaups from Strandline Lake is given in table 1. 
No information is available for floods before 1940. Until development of gas 
and oil properties along the Beluga River in the 1960s, effects of j8kulhlaups 
on the Beluga River attracted little notice. When a bridge was built across 
the Beluga River the situation changed, and more complete accounts are now 
available for the floods of 1974, 1979, 1980, and 1982. Our history includes 
personal communications with F. Shomper (events of 1974, 1979, and 1980), 
E. Whittemore (events of 1974, 1979, and 1980), and D. Witte (event of 1979). 
Landsat imagery and aerial photography have been used to supplement this 
history. 

In 1984, Strandline Lake dumped again, and we were able to observe the 
jakulhlaup in greater detail than before. These observations will be dis- 
cussed in another report. 



Figure  2. F e a t u r e s  a l o n g  f l o o d  c o u r s e  of 1982 S t r a n d l i n e  Lake j a k u l h l a u p  and l o c a t i o n s  of j a k u l h l a u p  e x i t  
t u n n e l s  i n  p r i o r  y e a r s .  Heavy dashed l i n e s  i n d i c a t e  abandoned channe l s  c u t  i n  bedrock.  Dot-dash l i n e s  
i n d i c a t e  approximate  l o c a t i o n  of e x i s t i n g  d r a i n a g e  t u n n e l s .  



THE STRANDLINE LAKE JOKULHLAUP SYSTEM 

S t r a n d l i n e  Lake o c c u p i e s  a  s t eep-wal led  v a l l e y  n e a r  t h e  t e rminus  of 
T r i u m v i r a t e  G l a c i e r  i n  t h e  T o r d r i l l o  Mountains,  120 km west  of Anchorage 
( f i g .  1 ) .  T r i u m v i r a t e  G l a c i e r  descends  from M t .  T o r b e r t  and M t .  Gerdine  j u s t  
n o r t h  of M t .  Spur r  (which l a s t  e r u p t e d  i n  1953);  n e a r  t h e  g l a c i e r  t e rminus ,  a  
s m a l l  lobe--the ' i c e  dam1--flows nor thward about  0.4 km i n t o  a  s i d e  v a l l e y  and 
dams S t r a n d l i n e  Lake ( f i g s .  2  and 3 ) .  A l a r g e  c a l v i n g  embayment i n  t h i s  i c e  
dam is  one of t h e  p r e c u r s o r s  of a  j a k u l h l a u p  ( f i g .  4 ) .  

M u l t i p l e  channe l s  i n  bedrock have been exposed,  a s  t h e  t e rminus  of t h e  
T r i u m v i r a t e  G l a c i e r  r e c e d e s  ( f i g .  2 ) .  I n  a t  l e a s t  two p l a c e s ,  V-shaped 
channe l s  have been c u t  more t h a n  20 m i n t o  bedrock a d j a c e n t  t o ,  b u t  h i g h e r  i n  
e l e v a t i o n  t h a n ,  t h e  rock  c h a n n e l  t r a v e l l e d  by t h e  1982 j a k u l h l a u p .  The up- 
s t r e a m  ends of t h e s e  abandoned c h a n n e l s  a r e  t r u n c a t e d  by t h e  more r e c e n t  
channe l s .  When t h e  T r i u m v i r a t e  G l a c i e r  was t h i c k e r  and extended f a r t h e r ,  
t h e s e  now-abandoned channe l s  would have been s u b g l a c i a l ,  and t h e y  may have 
been formed by j a k u l h l a u p s .  Other  complex bedrock topography n e a r  t h e  i c e  dam 
probably  i n f l u e n c e s  d r a i n a g e  p a t h s .  For example, t h e  l a r g e  s u p r a g l a c i e r  poo l  
shown i n  f i g u r e s  2  and 5  forms immediate ly  upstream from a  major  rock  b a s t i o n  
( n e a r  C g  of f i g .  5 ) ,  and a  r i d g e  of bedrock and mora ina l  m a t e r i a l  i s  exposed 
a t  low w a t e r  i n  f r o n t  of t h e  i c e  dam ( f i g s .  3, 5 ,  and 7 ) .  

J a k u l h l a u p s  from S t r a n d l i n e  Lake f o l l o w  complex channe l s .  During t h e  
e a r l y  s t a g e s  of a  j a k u l h l a u p ,  w a t e r  f lows  a long  t h e  margin of t h e  g l a c i e r  i n  a  
channe l  which beg ins  where w a t e r  i s  f o r c e d  up a long  t h e  r o c k  b a s t i o n  upst ream 
of t h e  f i r s t  s u p r a g l a c i e r  p o o l s  ( f i g s .  2  and 5 ) .  The w a t e r  f o l l o w s  t h e  rock- 
i c e  margin u n t i l  i t  d r o p s  i n t o  a  rock-cut  p lunge poo l  120 m deep,  from which 
i t  f lows under t h e  i c e  a g a i n  ( f i g .  2 ) .  When t h e  l a k e  d r a i n e d  i n  1979, 1980, 
and 1982, t h e  s u p r a g l a c i e r  p o o l s  a l s o  d r a i n e d ,  and i c e  below them c o l l a p s e d  
a l o n g  f r a c t u r e s  ( f i g s .  5  and 6 ) .  The d r a i n a g e  p a t h  from t h e  s u p r a g l a c i e r  
p o o l s  t o  t h e  plunge poo l  had t o  have been r e p l a c e d  by s u b g l a c i a l  l a k e  d r a i n -  
age ,  because t h e  upper l i p  of t h e  plunge poo l  (320 m) i s  60 m h i g h e r  t h a n  
t h e  l e v e l  t o  which t h e  l a k e  d r a i n e d  ( f i g .  2 ) .  During t h e  f i n a l  s t a g e s  of a  
j u k u l h l a u p ,  t h e r e f o r e ,  a l l  f low o c c u r s  benea th  t h e  g l a c i e r  a l o n g  a  p a t h  such 
a s  C1 t o  C 4  i n  f i g u r e  5.  Waters emerge from a  t u n n e l  i n  t h e  t e rminus  and flow 
through a  narrow, 2-km-long r o c k  canyon b e f o r e  s p r e a d i n g  o v e r  outwash p l a i n s  
a t  t h e  head of Beluga Lake. Drainage t u n n e l  c o n f i g u r a t i o n s  can  change 
r a p i d l y ;  f o r  example, t h e  p o s i t i o n  o f  t h e  e x i t  t u n n e l  a t  t h e  t e rminus  of 
t h e  T r i u m v i r a t e  G l a c i e r  moved 350 m between 1974 and 1982. 

JUkulhlaups f low i n t o  Upper and Lower Beluga l a k e s ,  which a c t  a s  a  
n a t u r a l  f l o o d - c o n t r o l  sys tem and m i t i g a t e  downstream f l o o d  d e s t r u c t i o n  a t  
roadways, b r i d g e s ,  p o w e r l i n e s ,  and g a s  and o i l  i n s t a l l a t i o n s  n e a r  t h e  r i v e r .  
During t h e  j a k u l h l a u p  of J u l y  1979, t h e  Beluga Lakes r o s e  abou t  10 m i n  40 h r  
(Douglas W i t t e ,  p e r s o n a l  commun., 1982).  The combined s u r f a c e  a r e a  of t h e  
l a k e s  is  4.9 x  l o 7  m2; t h i s  i n d i c a t e s  t h a t  about 5  x  l o 8  m3 of f l o o d  w a t e r  was 
t e m p o r a r i l y  s t o r e d  i n  t h e  l a k e s .  S imul taneous ly ,  however, t h e  water l e v e l  i n  
S t r a n d l i n e  Lake dropped more t h a n  128 m ,  a displacement  of 7  x  l o 8  m3. There- 
f o r e ,  about two- th i rds  of t h e  t o t a l  1979 j8ku lh laup  w a t e r  was t e m p o r a r i l y  
ponded i n  t h e  Beluga Lakes and t h e n  d i s c h a r g e d  more s lowly  th rough  t h e  Beluga 
R i v e r ;  a  f l o o d  c r e s t  of o n l y  4 .5  m was observed a t  t h e  b r i d g e  20 km downstream 
from t h e  Beluga Lakes. 
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FLOOD PRECURSORS 

S t r a n d l i n e  Lake d e r i v e s  i t s  name from t h e  prominent s t r a n d l i n e s  t h a t  mark 
former l a k e  l e v e l s .  These s t r a n d l i n e s  i n d i c a t e  t h a t  t h e  l a k e ' s  high-water 
s t a g e  h a s  v a r i e d  o v e r  50 m i n  e l e v a t i o n ,  b u t ,  f rom 1979 t o  1982, t h e  high- 
w a t e r  s t a g e  a p p e a r s  t o  have been about  388 + 10 m. I f  t h e  p r e s e n t  g l a c i e r  
t h i c k n e s s  remains  t h e  same, t h i s  w a t e r  l e v e l  would be  a n  e x c e l l e n t  i n d i c a t o r  
of imminent f l o o d i n g ,  b u t  because t h e  l a k e  i s  s o  remote i t  i s  n o t  easy  t o  
determine t h e  w a t e r  l e v e l .  

The s u p r a g l a c i e r  p o o l s  of w a t e r  l o c a t e d  immediate ly  downglacier  from t h e  
i c e  dam ( f i g .  2 )  were  observed t o  f i l l  b e f o r e  t h e  j a k u l h l a u p s  of 1974, 1979, 
1980, and 1982 (Whittemore, p e r s o n a l  commun., 1982) ;  w e  a l s o  observed them t o  
f i l l  b e f o r e  t h e  1984 j8ku lh laup .  A month b e f o r e  t h e  1982 j a k u l h l a u p  t h e  w a t e r  
l e v e l  i n  t h e  p o o l s  was t h e  same a s  t h e  l a k e .  Because of t h e  i c e  topography, 
t h e  p o o l s  cou ld  n o t  have f i l l e d  by l a k e w a t e r  runn ing  o v e r  t h e  s u r f a c e  of t h e  
i c e .  Thus, a s u b g l a c i a l  h y d r a u l i c  c o n n e c t i o n  must have e x i s t e d  between t h e  
l a k e  and t h e  pools .  Most l i k e l y ,  t h e  w a t e r  i s  f o r c e d  t o  t h e  s u r f a c e  a l o n g  t h e  
rock b a s t i o n  n e a r  C3 i n  f i g u r e  5 ( s e e  a l s o  f i g .  2 ) ,  because  t h e  f i r s t  and 
l a r g e s t  s u p r a g l a c i e r  p o o l  forms immediately ups t ream of t h e  b a s t i o n  a t  t h e  
o r i g i n  of t h e  m a r g i n a l  s t ream.  Th is  mechanism of forming s u p r a g l a c i e r  p o o l s  
appears  t o  f u n c t i o n  o n l y  when t h e  l a k e  l e v e l  i s  h i g h ;  t h e  f i l l e d  p o o l s  a r e  
t h e r e f o r e  v i s i b l e  p r e c u r s o r s  t o  a  j 8 k u l h l a u p .  
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Figure  5. Plunge pool ,  sup rag lac i e r  pools ,  and s u b g l a c i a l  d ra inage  pa th  of Triumvirate  G lac i e r  a t  S t r a n d l i n e  
Lake. High water  (Aug 21) and low water  (Sep 23) l e v e l s  a t  S t r a n d l i n e  Lake before  and a f t e r  event  of 
September 17, 1982 ind ica t ed  on map and i n  c r o s s  s e c t i o n s  (above r i g h t ) .  Cross s e c t i o n s  1-1' through 
6-6' show l ake  bottom and stream bed contours  (est imated where covered by water ) .  Hachures i n d i c a t e  
a r e a  where i c e  calved away o r  co l lapsed  dur ing  l ake  drainage.  See f i g u r e  7 f o r  l o n g i t u d i n a l  c r o s s  
s ec t ions  A-A'-B and A-A'-C. 



The development of a  c a l v i n g  embayment i n  t h e  l o b e  of t h e  T r i u m v i r a t e  
G l a c i e r  t h a t  dams S t r a n d l i n e  Lake i s  t h e  most u s e f u l  p r e c u r s o r ,  because  i t  
can be  observed by a i r c r a f t  and s a t e l l i t e  ( M i l l e r ,  1982). The l o b e  advances 
and r e t r e a t s  i n  a  c y c l e  a p p a r e n t l y  c o n t r o l l e d  by t h e  l a k e  l e v e l .  When t h e  
l a k e  d r a i n s ,  t h e  l o b e  h a s  a  p o s i t i v e  mass b a l a n c e ,  and i t s  te rminus  advances 
as much a s  0.5 km i n t o  t h e  l a k e  b a s i n .  When t h e  l a k e  f i l l s  t o  a  c r i t i c a l  
l e v e l ,  t h e  l o b e  b e g i n s  t o  f l o a t ,  and c a l v i n g  i n c r e a s e s .  T h i s  l e a d s  t o  a  neg- 
a t i v e  mass ba lance  and r e t r e a t  of t h e  l o b e ' s  t e rminus  from t h e  newly c r e a t e d  
c a l v i n g  embayment. Ex tens ive  c a l v i n g  chokes S t r a n d l i n e  Lake w i t h  i c e b e r g s  
j u s t  b e f o r e  a jdku lh laup .  T h i s  c y c l e  h a s  been p ieced  t o g e t h e r  from examina- 
t i o n  of over  56 Landsat  images (12 of them e n l a r g e d  t o  1:125,000) ,  a e r i a l  
photographs ,  and r e p o r t s  from long-term o b s e r v e r s  of t h e  l a k e .  F i g u r e  4 
t r a c k s  t h e  movement between 1970 and 1982 of t h e  l o b e  of T r i u m v i r a t e  G l a c i e r  
which forms t h e  i c e  dam. 

Although p r e c u r s o r s  a r e  r e l i a b l e  shor t - t e rm p r e d i c t o r s  of j 8 k u l h l a u p s Y  
long-range p r e d i c t o r s  must t a k e  i n t o  account  t h e  f i l l i n g  mechanisms of S t rand-  
l i n e  Lake. The l a k e  f i l l s  from t h r e e  s o u r c e s :  (1) s u r f a c e  r u n o f f  from t h e  
g l a c i e r ;  (2) t h e  S t r a n d l i n e  Lake wate r shed ;  and (3)  f low benea th  t h e  g l a c i e r .  
Discharge  from t h e s e  s o u r c e s  i s  d i f f i c u l t  t o  measure. 

.. 
JOKULHLAUP OF 1982 

I n  August 1982 we were asked by Chugach E l e c t r i c  Company, whose main 
power t r a n s m i s s i o n  l i n e  c r o s s e s  t h e  Beluga R i v e r ,  f o r  a d v i c e  about  p o t e n t i a l  
f l o o d i n g  from S t r a n d l i n e  Lake. A i r  and ground reconna i ssance  showed t h e  l a k e  
was f i l l e d  t o  a  h i g h  l e v e l  and choked w i t h  i c e .  Flowering p l a n t s  were found 
covered by w a t e r  a s  deep a s  2  m. A l a r g e  c a l v i n g  embayment extended 0 .3  km 
i n t o  t h e  i c e  dam, and s u p r a g l a c i e r  p o o l s  were f u l l .  On t h e  b a s i s  of t h e s e  
o b s e r v a t i o n s  and t h e  h i s t o r y  of p r e v i o u s  j d k u l h l a u p s ,  we p r e d i c t e d  t h a t  a  
j a k u l h l a u p  would occur  soon (Sturm and Benson, 1982).  It o c c u r r e d  on 
17 September 1982. 

Methods 

With a  j a k u l h l a u p  c l e a r l y  imminent, we c o n t r a c t e d  t o  have a  s e t  of 
v e r t i c a l  a e r i a l  photographs  of S t r a n d l i n e  Lake and t h e  T r i u m v i r a t e  G l a c i e r  
t a k e n  on August 21, 1982, and a  second s e t  t a k e n  on September 23, 1982, 6 days  
a f t e r  t h e  e v e n t  ( f i g .  3 ) .  From t h e  v e r t i c a l  a e r i a l  pho tos ,  photogrammetric 
t o p o g r a p h i c  maps of t h e  l a k e  and i c e  dam--both b e f o r e  and a f t e r  t h e  l a k e  
drained--were c o n s t r u c t e d  a t  a  s c a l e  of 1:10,000, w i t h  con tour  i n t e r v a l s  of 
5  m ( f i g s .  5  and 6 ) .  The l a k e  w a t e r  s u r f a c e  of August 21 was used a s  datum 
f o r  photogrammetry, w i t h  a n  assumed a l t i t u d e  of 388 m y  which i s  approx imate ly  
e q u i v a l e n t  t o  i t s  t r u e  a l t i t u d e  above s e a  l e v e l ;  t h e  v e r t i c a l  c o n t r o l  on each 
map i s  c o n s i d e r e d  a c c u r a t e  t o  + 2.5 m. These maps have enab led  u s  t o  measure 
t h e  volume of t h e  l a k e  b a s i n ,  t o  d e t e r m i n e  t h e  volume of w a t e r  t h a t  d r a i n e d ,  
and t o  make c r o s s  s e c t i o n s  of t h e  g l a c i e r  and l a k e  b e f o r e  and a f t e r  t h e  jt5kul- 
h l a u p  ( f i g s .  5 ,  6 ,  and 7 ) .  The c r o s s  s e c t i o n s  show post-j t5kulhlaup subs idence  
of t h e  i c e  dam and a l l o w  e s t i m a t i o n  of i c e  t h i c k n e s s .  Other  glacier-dammed 
l a k e s  have been i n v e s t i g a t e d  by examining o b l i q u e  a e r i a l  photographs  (Pos t  and 
Mayo, 1971) and by photogrammetry w i t h  v e r t i c a l  a e r i a l  pho tos  ( C o l l i n s  and 
C l a r k e ,  1977).  However, t h e  d e t a i l e d  photogrammetric a n a l y s i s  h e r e i n ,  of 
v e r t i c a l  photographs  t aken  immediate ly  b e f o r e  and a f t e r  a  j a k u l h l a u p ,  is  
t h e  f i r s t  known t o  have been done. 



Volume of Lake 

During t h e  1982 j ~ k u l h l a u p ,  t h e  l a k e  w a t e r  l e v e l  dropped from 388 t o  
264 m. The volume of w a t e r  t h a t  d r a i n e d  was c a l c u l a t e d  by measur ing t h e  a r e a  
of t h e  l a k e  b a s i n  a t  t h e  h i g h e r  and lower w a t e r  l e v e l s  (388 m and 264 m) and 
a t  i n t e r m e d i a t e  c o n t o u r s  of 375 m,  350 m ,  325 m y  300 m,  and 275 m. The 
volumes of t h e  ' s l a b s '  of w a t e r  between t h e s e  l e v e l s  were summed and gave a  
t o t a l  of 7.1 x  108 m3. A f t e r  d r a i n a g e ,  a  r e s i d u a l  volume of h e a v i l y  i c e -  
choked w a t e r  remained i n  t h e  l a k e  b a s i n .  From a  c r o s s  s e c t i o n  of t h e  l a k e  
b a s i n  ( f i g .  7 ) ,  we e s t i m a t e d  t h e  volume of r e s i d u a l  w a t e r  t o  be 0.2 x  lo8 m3,  
t o g e t h e r  w i t h  0.4 x  108 m3 of i c e b e r g s  l e f t  s t r a n d e d  on t h e  l a k e  f l o o r ,  o r  
less t h a n  4  p e r c e n t  of t o t a l  l a k e  volume. Thus, about  95 p e r c e n t  of S t r a n d l i n e  
Lake d r a i n e d  d u r i n g  t h e  j a k u l h l a u p  of 1982. I n  1984, we observed t h e  l a k e  on 
t h e  day a f t e r  i t  d r a i n e d  and could  s e e  t h a t  i t s  l e v e l  was lower  t h a n  when 
observed i n  1982, 6  days  a f t e r  d r a i n a g e .  Most l i k e l y ,  t h e  1982 o b s e r v a t i o n  
occur red  a f t e r  t h e  l a k e  had begun t o  f i l l  aga in .  

Changes i n  t h e  Tr iumvi ra te  G l a c i e r  I c e  Dam 

The j a k u l h l a u p  of 1982 produced d ramat ic  changes i n  t h e  T r i u m v i r a t e  
G l a c i e r  which,  i n d i r e c t l y ,  have been h e l p f u l  i n  c o n s t r u c t i n g  t h e  c o n f i g u r a t i o n  
of t h e  s u b g l a c i a l  d r a i n a g e  system.  A t r o u g h l i k e  d e p r e s s i o n  g r e a t e r  t h a n  0 . 5  km 
wide formed between e x t e n s i v e  f r a c t u r e s  d u r i n g  t h e  1982 j a k u l h l a u p .  The e x t e n t  
of t h i s  d e p r e s s i o n  h a s  been mapped by comparing topograph ic  maps of t h e  i c e  
s u r f a c e  b e f o r e  and a f t e r  t h e  j a k u l h l a u p  ( f i g .  6 ) .  The zero-subsidence contour  
roughly c o i n c i d e s  w i t h  f r a c t u r e  zones.  The f r a c t u r e s ,  which i n  some c a s e s  c u t  
a c r o s s  e x i s t i n g  c r e v a s s e s ,  exceeded 10 m i n  wid th ,  w i t h  v e r t i c a l  d i sp lacements  
(normal f a u l t i n g )  of > 20 m. Large f racture-bounded s e c t i o n s  of t h e  g l a c i e r  
were slumped and r o t a t e d ;  t h e s e  f r a c t u r e s  probably  p e n e t r a t e d  t h e  g l a c i e r  
comple te ly  t o  a l l o w  s u c h  d i sp lacement .  I n  many c a s e s ,  t h e  f r a c t u r e s  were 
f i l l e d  w i t h  w a t e r  immediate ly  b e f o r e  t h e  l a k e  d r a i n e d ,  which s u g g e s t s  t h a t  
t h e y  were connected w i t h  t h e  l a k e  d r a i n a g e  system; t h e y  p robab ly  d e l i n e a t e d  
t h e  f l o a t i n g  p a r t  of t h e  g l a c i e r ,  which took t h e  form of a deep r e e n t r a n t  w i t h  
a  c a l v i n g  bay a t  i t s  o u t e r  edge. The r e e n t r a n t  was a l i g n e d  w i t h  t h e  a x i s  of 
t h e  S t r a n d l i n e  Lake v a l l e y  and extended more t h a n  1 km downglac ie r ;  i t  
i n c l u d e d  t h e  a r e a  where s u p r a g l a c i e r  p o o l s  formed. 

The volume d i s p l a c e d  by subs idence  was c a l c u l a t e d  by measur ing t h e  a r e a s  
e n c l o s e d  by subs idence  c o n t o u r s  ( f i g .  6 ) .  The volume d i s p l a c e d  i n  t h e  main 
t r o u g h l i k e  d e p r e s s i o n  was a t  l e a s t  30 x  lo6 m3. (Th is  does  n o t  i n c l u d e  5 .3  x  
lo6 m3 of i c e  l o s t  by c a l v i n g  o r  t h e  0.6 x  lo6 m3 of subs idence  a t  t h e  l a r g e s t  
s u p r a g l a c i e r  p o o l . )  About 5 m of subs idence  occur red  f a r t h e r  downglacier  ( i n  
a n  a r e a  n o t  shown on f i g .  6 )  b u t  was d i f f i c u l t  t o  measure because  t h e  r e g i o n  
i s  f a r  from photogrammetric c o n t r o l .  The d i s p l a c e d  volume i n  t h i s  r e g i o n  i s  
e s t i m a t e d  t o  be 5  x  106 m3 b u t  is  n o t  inc luded  i n  o u r  t o t a l  e s t i m a t e .  These 
a d d i t i o n a l  e s t i m a t e s  s u p p o r t  our  conc lus ion  t h a t  t h e  30 x  l o 6  m3 of subs idence  
volume d i sp lacement  shown i n  f i g u r e  6  is  a  minimum v a l u e .  

The volume d i s p l a c e d  by subs idence  most l i k e l y  r e p r e s e n t s  l a k e  w a t e r  
under  t h e  g l a c i e r  b e f o r e  t h e  j8ku lh laup .  It i s  about  e q u a l  t o  o u r  e s t i m a t e  
of t h e  volume of s t r a n d e d  i c e b e r g s  i n  t h e  d r a i n e d  l a k e ,  s o  t h a t  t h e  volume of 
l a k e  w a t e r  t h a t  d r a i n e d  i s  7 x 10' m3. One could  a r g u e  t h a t  t h e  d i s p l a c e d  
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volume was mel ted from t h e  bottom of t h e  g l a c i e r  a s  p o t e n t i a l  energy of t h e  
l a k e  wate r  was conver ted  t o  h e a t  d u r i n g  t h e  d r a i n a g e .  However, p o t e n t i a l  
energy r e l e a s e d  by t h e  l a k e  w a t e r  a s  i t  d r a i n e d  o u t  th rough  t h e  s u b g l a c i a l  
e x i t ,  150 m above s e a  l e v e l ,  was n o t  adequa te  t o  m e l t  a volume of i c e  e q u a l  
t o  t h e  volume of subs idence .  T h i s  can  be  shown by c o n s i d e r i n g  t h e  a v a i l a b l e  
energy.  

Energy 

Energy d i s s i p a t e d  w i t h i n  t h e  g l a c i e r  sys tem d u r i n g  t h e  1982 jaku lh laup  
was c a l c u l a t e d  by u s i n g  t h e  measurements from l a k e  volume c a l c u l a t i o n s  above. 
The p o t e n t i a l  energy r e l e a s e d  a s  t h e  w a t e r  d r a i n e d  th rough  t h e  t u n n e l  e x i t  was 
13.1 x 1014 j o u l e s .  According t o  Matthews (1973) ,  t h e  p o r t i o n  of t h i s  poten- 
t i a l  energy t h a t  i s  t rans formed  i n t o  k i n e t i c  energy r e p r e s e n t s  o n l y  about 1 
p e r c e n t  of t h e  t o t a l .  We have a  r e p o r t  of a  ' r o o s t e r t a i l '  10 m h i g h  a s  wa te r  
e x i t e d  t h e  t u n n e l  d u r i n g  t h e  peak o f  t h e  1979 j a k u l h l a u p .  T h i s  s u g g e s t s  an  
e x i t  v e l o c i t y  of 14 m sec'l from t h e  conf ined  t u n n e l  d u r i n g  peak d i s c h a r g e .  
I f  t h e  peak d i s c h a r g e ,  Q = 6 x l o 3  m3 s e c - l ,  i s  d i v i d e d  by t h e  c r o s s - s e c t i o n a l  
a r e a  of t h e  e x i t  t u n n e l ,  A = 315 m2 ,  t h e  maximum e x i t  v e l o c i t y  of t h e  wa te r  a t  
peak d i s c h a r g e  would be 19 m sec- l ,  which is i n  r e a s o n a b l e  agreement w i t h  t h e  
e s t i m a t e  based on t h e  ' r o o s t e r t a i l . '  I f  w e  assume t h a t  h a l f  t h e  t o t a l  wa te r  



mass ach ieved  t h i s  v e l o c i t y ,  we o b t a i n  a  k i n e t i c  energy v a l u e  of 0 .3  x  10145, 
which i s  c o n s i s t e n t  wi th  Matthews's  (1973) e s t i m a t e .  S u b t r a c t i n g  t h i s  p o r t i o n  
from t h e  t o t a l  p o t e n t i a l  energy l e a v e s  12.8 x  10145 t o  be r e l e a s e d  w i t h i n  t h e  
g l a c i e r .  T h i s  energy d i s s i p a t i o n  could  m e l t  a n  i c e  volume of 4  x  lo6  m3 ,  
which i s  one o r d e r  of magnitude l e s s  t h a n  t h e  volume of subs idence .  

I f  a l l  p o t e n t i a l  energy r e l e a s e d  w i t h i n  t h e  g l a c i e r  were expended i n  
m e l t i n g  t h e  i c e ,  i t  could  m e l t  a  4-km-long t u n n e l  w i t h  a  r a d i u s  of 18 m from 
t h e  l a k e  i c e  margin t o  t h e  e x i t .  Because t h e  t u n n e l  geometry is complex, and 
because  s e v e r a l  p a t h s  were followed--some of which were abandoned b e f o r e  t h e  
f i n a l  d r a i n a g e ,  i t  i s  reasonab le  t o  e x p e c t  a  s m a l l e r  r a d i u s  i n  t h e  p r imary  
d r a i n a g e  t u n n e l .  A f t e r  t h e  1984 j t ikulhlaup,  a n  e x i t  t u n n e l  w i t h  a  10-m r a d i u s  
was observed ,  which i s  i n  reasonab le  agreement w i t h  our  e s t i m a t e  based on t h e  
p r e v i o u s  c a l c u l a t i o n s .  

Discharge  

No hydrographs  of j a k u l h l a u p s  from S t r a n d l i n e  Lake a r e  a v a i l a b l e ,  s o  
d i s c h a r g e  must be e s t i m a t e d .  Wi t t e  e s t i m a t e d  t h a t  t h e  j a k u l h l a u p  of 1979 
l a s t e d  f o r  2 days ( p e r s o n a l  commun., 1982) .  However, i t  i s  l i k e l y  t h a t  t h e  
i n i t i a l  s t a g e s  of t h e  even t  went unnot iced  and t h a t  W i t t e ' s  o b s e r v a t i o n  
a p p l i e s  o n l y  t o  i t s  c a t a s t r o p h i c  s t a g e .  The same e s t i m a t e s  were made f o r  t h e  
1982 j t ikulhlaup.  During 1984 we were a b l e  t o  observe  a n o t h e r  j a k u l h l a u p  from 
S t r a n d l i n e  Lake and found t h a t  more t h a n  20 days  e l a p s e d  between t h e  i n i t i a l  
l e a k a g e  of w a t e r  and complet ion of t h e  j t jkulhlaup.  I f  we assume t h a t  t h e  
e v e n t s  of 1979, 1982, and 1984 each s anned 20 d a y s ,  t h e i r  mean d i s c h a r g e  T would have been about  4 x lo2  m3 sec' . But j a k u l h l a u p  d i s c h a r g e s  v a r y  
wide ly  and produce s h o r t - d u r a t i o n  peak v a l u e s  much g r e a t e r  than  mean v a l u e s .  
Clague and Matthews (1973) e m p i r i c a l l y  r e l a t e d  t h e  peak d i s c h a r g e ,  \ax. of 
I 1  j u k u l h l a u p s  t o  t h e  maximum l a k e  volume, V as fo l lows :  max ' 

Applying t h e i r  formula  t o  S t r a n d l i n e  Lake,  we o b t a i n e d  a peak d i s c h a r g e  v a l u e  
of 6 . 1  x l o 3  m3 s e c - l .  I n  comparison,  t h e  M i s s i s s i p p i  River  a t  Vicksburg h a s  
a  mean d i s c h a r g e  of 15.5 x  l o 3  m3 sec'l, and t h e  Missour i  River  n e a r  S t .  Louis  
h a s  a  mean d i s c h a r g e  of 2.0 x  lo3  m3 sec- l  . 

I c e  Th ickness  

Although no independent measurements of g l a c i e r  i c e  t h i c k n e s s  a r e  a v a i l -  
a b l e  from i c e  r a d a r  o r  s e i s m i c  methods,  i c e  t h i c k n e s s  and c o n f i g u r a t i o n  of t h e  
i c e  dam can  be e s t i m a t e d  from a e r i a l  photogrammetry. The two l o n g i t u d i n a l  
c r o s s  s e c t i o n s  i n  f i g u r e  7 show w a t e r  and i c e  c o n d i t i o n s  b e f o r e  and a f t e r  t h e  
l a k e  d r a i n e d .  Cross  s e c t i o n  A ' -  B r u n s  through a  l a r g e ,  f r e e - f l o a t i n g  i c e -  
b e r g ,  newly s e p a r a t e d  from t h e  g l a c i e r  f r o n t .  The berg  i s  s t i l l  u p r i g h t  and 
must be f r e e - f l o a t i n g  t o  have moved away from t h e  c a l v i n g  f a c e .  The average  
f r e e b o a r d  of t h e  b e r g ,  Ahb, i s  13 m. For  h y d r o s t a t i c  e q u i l i b r i u m :  



where 
p i  = d e n s i t y  of i c e  = 0.9 t m-3 ,  

w 
= d e n s i t y  of w a t e r  = 1.0  t m-3,  

hb = t o t a l  i c e b e r g  t h i c k n e s s  (m), 

and 

g  = a c c e l e r a t i o n  of g r a v i t y  = 9.8 m s - ~ .  

From t h i s  we c a l c u l a t e  t h e  b e r g  t h i c k n e s s ,  hb: t o  be 130 m. A s  shown i n  
f i g u r e  7 ,  t h e  b e r g ,  a t  t h i s  t h i c k n e s s ,  would j u s t  b a r e l y  ground on t h e  bedrock 
moraine r i d g e ,  which would e x p l a i n  why i t  remained n e a r  t h e  g l a c i e r  f a c e .  

The g l a c i e r  f r e e b o a r d ,  Ah , i s  e q u a l  t o  t h e  i c e b e r g  f r e e b o a r d ,  Ah,,, a long 
c r o s s  s e c t i o n  A'-B,  f i g u r e  7 .  We assume t h a t  t h e  g l a c i e r  was a f l o a t ,  and 
t h a t  a f t e r  t h e  l a k e  d r a i n e d  i t  r e s t e d  d i r e c t l y  on t h e  bottom. T h i s  p e r m i t s  u s  
t o  draw i n  t h e  l a k e  bottom a long  t h e  c r o s s  s e c t i o n .  A t  t h e  immediate i c e  
f a c e ,  slumping and f r a c t u r i n g  a l t e r e d  t h e  g l a c i e r  s u r f a c e  p r o f i l e  (dashed 
l i n e s ,  f i g .  7 ) .  C lose  t o  t h e  a r e a  r e p r e s e n t e d  by c r o s s  s e c t i o n  A ' -B ,  t h e  l a k e  
d r a i n e d  t o  expose t h e  bot tom,  and i c e  t h i c k n e s s ,  measured where t h e  e n t i r e  i c e  
c l i f f  was exposed,  was c o n s i s t e n t  w i t h  t h e  f l o t a t i o n  model. 

We assume t h a t  t h e  p a r t  of t h e  g l a c i e r  shown i n  c r o s s  s e c t i o n  A'-CL, was 
a l s o  a f l o a t  b e f o r e  t h e  l a k e  d r a i n e d ;  h e r e ,  t h e  g l a c i e r  f r e e b o a r d ,  Ah , i s  
14.5 m ( f i g .  7 ) .  A s  would be expec ted ,  t h e  i c e  i s  t h i c k e r  h e r e  t h a n g a t  t h e  
edges .  We s u s p e c t  t h e  s u b g l a c i a l  s p i l l w a y  l i e s  a l o n g  t h e  a r e a  r e p r e s e n t e d  by 
c r o s s  s e c t i o n  A'-CI+, a s  i t  i s  t h e  deepes t  p a r t  of t h e  v a l l e y .  The s p i l l w a y  
should occur  a t  t h e  p o i n t  where f l o a t i n g  g l a c i e r  i c e  i s  grounded, and t h i s  
c o i n c i d e s  w i t h  t h e  p o i n t  of z e r o  subs idence ,  approx imate ly  1 krn downglacier .  

Transverse  p r o f i l e s  of t h e  g l a c i e r  f a c e  b e f o r e  and a f t e r  t h e  l a k e  d r a i n e d  
( f i g .  8) were drawn t o  s u p p o r t  t h e  above arguments.  Because c o n s i d e r a b l e  
slumping and f r a c t u r i n g  took  p l a c e  a t  t h e  immediate i c e  f a c e ,  t h e  p r o f i l e  was 
l o c a t e d  150 m back from t h e  f a c e .  Using t h e  f r e e b o a r d  v a l u e  of t h e  g l a c i e r  t o  
c a l c u l a t e  i c e  t h i c k n e s s ,  we have drawn i n  t h e  bottom of t h e  f l o a t i n g  i c e .  
Using t h e  volume of i c e  s u b s i d e n c e ,  we have drawn i n  t h e  l a k e  bottom p r o f i l e .  
The l a k e  bottom p r o f i l e ,  i n c l u d i n g  i t s  asymmetry, d e r i v e d  from t h e  i c e -  
subs idence  v a l u e s  i s  c o n s i s t e n t  w i t h  observed l a k e  bottom p r o f i l e s  ( f i g .  5 ) .  

DISCUSSION 

The o v e r a l l  mechanism t h a t  r e l e a s e s  f l o o d s  from S t r a n d l i n e  Lake appears  
t o  be h y d r o s t a t i c  l i f t i n g  of t h e  i c e  dam when t h e  l a k e  f i l l s  t o  a c r i t i c a l  
l e v e l .  The s u b s i d e n c e  and f r a c t u r i n g  of t h e  i c e  dam when t h e  l a k e  d r a i n s  i s  
c o n s i s t e n t  w i t h  t h i s  h y d r o s t a t i c  mechanism. With t h e  buoyant suppor t  of t h e  
wa te r  removed, t h e  f l o a t i n g  i c e  s u b s i d e s .  

The c r i t i c a l  s e a l  between t h e  rock and o v e r l y i n g  i c e  i s  expected t o  l i e  
a long  a zone of minimum ( b e f o r e  d r a i n a g e )  a l t i t u d e  of i c e  s u r f a c e  and maximum 
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( a f t e r  d r a i n a g e )  subs idence  ( l i n e  A'-C4 i n  f i g .  7 ) .  The grounding l i n e  of 
t h e  i c e  b e f o r e  d r a i n a g e  can be l o c a t e d  by t h e  f r a c t u r e s  and zero-subsidence 
con tour  ( f i g .  6 ) .  The downglacier  p o i n t  of z e r o  subs idence  i s  d i f f i c u l t  t o  
l o c a t e ,  bu t  we assume i t  t o  l i e  n e a r  t h e  a r e a  r e p r e s e n t e d  by p o i n t  C 3  on 
f i g u r e s  5 and 7 .  

The s e a l  l i e s  a t  an  a l t i t u d e  no h i g h e r  t h a n  264 m (1984 o b s e r v a t i o n s  
i n d i c a t e  i t  may be 20 m l o w e r ) ,  where maximum i c e  p r e s s u r e  i s  12.9 b a r s ;  
h y d r o s t a t i c  w a t e r  p r e s s u r e  h e r e  would be 12.2 b a r s  when t h e  w a t e r  l e v e l  
r e a c h e s  388 m .  Th i s  c l o s e  agreement s u g g e s t s  t h a t  t h e  r e l e a s e  mechanism 
which t r i g g e r s  a  j a k u l h l a u p  i n v o l v e s  l i f t i n g  of t h e  i c e  o f f  a  c r i t i c a l  s e a l .  
T h i s ,  i n  t u r n ,  a l l o w s  t h e  f l o w i n g  w a t e r  t o  c a r v e  e x i t  t u n n e l s  i n  t h e  base  
of t h e  g l a c i e r .  

The pos td ra inage  i c e  s u r f a c e  most l i k e l y  r e f l e c t s  t h e  shape  of t h e  
g l a c i e r  bed. I f  s o ,  a  s h o a l  may e x i s t  n e a r  t h e  grounding l i n e ,  a s  P o s t  (1975) 
and Powell  (1981) observed i n  t i d e w a t e r  g l a c i e r s .  I n  a  s e t t i n g  s i m i l a r  t o  
S t r a n d l i n e  Lake, Booth (1986) d e s c r i b e d  v a l l e y - c o n s t r i c t i n g  embankments a t  
mouths of a l p i n e  v a l l e y s  dammed by t h e  Puget lobe  of t h e  C o r d i l l e r a n  i c e  s h e e t .  
Recen t ly  d e g l a c i a t e d  bedrock t e r r a i n  a long  t h e  T r i u m v i r a t e  G l a c i e r  margin and 
t e rminus  i s  deeply  c u t  by s t r e a m  c h a n n e l s ,  and much of t h e  g l a c i e r  bed prob- 
a b l y  c o n s i s t s  of s i m i l a r l y  complex t e r r a i n .  Apparent ly ,  t h e  c o n t r o l l i n g  s e a l  
o c c u r s  a t  a  s h o a l  of bedrock and moraine a t  an a l t i t u d e  no g r e a t e r  t h a n  264 m;  
downglacier  from t h e  s e a i ,  s t r e a m  channe l s  a r e  i n c i s e d  i n  t h e  g l a c i e r  bed. 

Before  t h e  s u b g l a c i a l  d r a i n a g e  system i s  f u l l y  deve loped ,  complex f low 
p a t t e r m  along t h e  g l a c i e r  margin emerge ( f i g s .  5 and 6 ) .  The s u p r a g l a c i e r  
p o o l s  f i l l  through s u b g l a c i a l  h y d r a u l i c  connec t ions  w i t h  t h e  l a k e ;  one of t h e  
main channe l s  appears  t o  f o r c e  w a t e r  up a long  t h e  rock b a s t i o n  which l i e s  j u s t  
downglacier  from t h e  f i r s t  s u p r a g l a c i e r  p o o l  (near  C 3  on f i g .  5 ) .  

I n  t h e  l a t t e r  s t a g e s  of a  j b k u l h l a u p ,  t h e  s u p r a g l a c i e r  p o o l s ,  a l o n g  w i t h  
t h e  marg ina l  d r a i n a g e ,  c o l l a p s e  a s  t h e  main d r a i n a g e  goes  benea th  t h e  g l a c i e r  
a l o n g  t h e  p a t h  i n d i c a t e d  by C 1  t o  C4  i n  f i g u r e  5. The plunge poo l  ( f i g s .  2 
and 5) i s  connected t o  t h e  d r a i n a g e  system a long  t h e  g l a c i e r  margin i n  t h e  
i n i t i a l  s t a g e s  of t h e  j b k u l h l a u p ,  bu t  when t h e  l a k e  l e v e l  f a l l s  below 320 m 
( t h e  upper  l i p  of t h e  plunge p o o l ) ,  t h i s  d r a i n a g e  system c e a s e s  t o  c a r r y  f l o o d  
w a t e r s .  A l l  of t h e s e  f e a t u r e s  a l o n g  t h e  g l a c i e r  margin a r e  a u x i l i a r y  t o  t h e  
main d r a i n a g e  which t u n n e l s  under t h e  g l a c i e r .  

The r e l e a s e  mechanism f o r  j b k u l h l a u p s  from S t r a n d l i n e  Lake appears  t o  be 
h y d r o s t a t i c  l i f t i n g ,  b u t  t h e  r e c h a r g e  mechanism of t h e  l a k e  is  more complex. 
A s  t a b l e  1 i n d i c a t e s ,  S t r a n d l i n e  Lake h a s  f i l l e d  and d i s c h a r g e d  i n  a s  l i t t l e  
a s  1 y r  o r  a s  long a s  5  y r  (1974-79). V a r i a t i o n s  i n  t h e  amount of annua l  pre- 
c i p i t a t i o n  and d r a i n a g e  from s u r f a c e  s t reams  a r e  n o t  s u f f i c i e n t  t o  account  f o r  
t h e s e  v a r i a t i o n s  i n  f i l l i n g  r a t e .  It seems l i k e l y  t h a t  s u b g l a c i a l  d r a i n a g e  
may be a l t e r e d  a f t e r  a  j a k u l h l a u p  h a s  occur red .  I n  some c a s e s ,  s u b g l a c i a l  
d r a i n a g e  i n t o  S t r a n d l i n e  Lake may be augmented, l e a d i n g  t o  r a p i d  f i l l i n g  
r a t e s .  I n  o t h e r  c a s e s ,  s u b g l a c i a l  d r a i n a g e  t h a t  fo rmer ly  f e d  t h e  l a k e  is  
d i v e r t e d  t o  o t h e r  c h a n n e l s ,  such  a s  t h o s e  observed n e a r  t h e  t e rminus  on t h e  
s o u t h  s i d e  of t h e  T r i u m v i r a t e  G l a c i e r  ( f i g .  2 ) .  Slow f i l l i n g  because  of 
s u b g l a c i a l  l eakage  from t h e  l a k e  (due t o  incomplete  s e a l i n g  under  t h e  i c e  dam) 
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Figure 8. Transverse cross section of floating ice shelf before and after Strandline Lake drained. 
High water ice bottom based on calculated ice thickness of 130 m. Lake bottom (low water ice 
bottom) profile is estimated where not exposed and based on an ice subsidence roughly equivalent 
to water depth beneath the floating ice. This profile is consistent with transverse cross sections 
in figure 5. 



i s  n o t  a s  l i k e l y ,  because  t h e  T r i u m v i r a t e  G l a c i e r  i s  t h i c k  enough t o  r e s e a l  
t h i s  d r a i n a g e  t u n n e l  once i t  c e a s e s  t o  c a r r y  i t s  c a t a s t r o p h i c  f low.  

The s u b g l a c i a l  d r a i n a g e  which f e e d s  t h e  s u p r a g l a c i e r  p o o l s  and marg ina l  
d r a i n a g e  may become a c t i v e  e a r l y  enough t o  p reven t  t h e  l a k e  from f i l l i n g  t o  
t h e  l e v e l  r e q u i r e d  t o  l i f t  t h e  i c e  dam from i t s  s e a l .  M o d i f i c a t i o n s  of t h e  
s u b g l a c i a l  d r a i n a g e  i n t o  t h e  l a k e ,  combined w i t h  complex sub- and marg ina l  
d r a i n a g e  p a t t e r n s ,  appear  t o  c o n t r o l  v a r i a t i o n s  i n  t h e  f i l l i n g  r a t e s  and need 
t o  be unders tood b e f o r e  we can p r e d i c t  j a k u l h l a u p s  from t h i s  system. 

The complex system of channe l s  being r e v e a l e d  a s  t h e  T r i u m v i r a t e  G l a c i e r  
r e t r e a t s  i s  on ly  one p i e c e  of ev idence  from t h e  p a s t  h i s t o r y  of t h i s  g l a c i e r -  
dammed l a k e  system. The p r e s e n c e  of s t r a n d l i n e s  50 m above t h e  1982 high- 
w a t e r  l e v e l  i n d i c a t e s  t h a t  p a s t  j a k u l h l a u p s  were l a r g e r  t h a n  t h e  one i n  1982. 
The volume of t h e  l a k e  cor responding  t o  t h e  h i g h e s t  s t r a n d l i n e  i s  approxi-  
mate ly  12 x lo8  m 3 ,  o r  65 p e r c e n t  more t h a n  t h e  1982 volume. Th is  s u g g e s t s  
t h a t  some extremely l a r g e  j a k u l h l a u p s  have come from S t r a n d l i n e  Lake. 

Our unders tand ing  of j a k u l h l a u p s  from S t r a n d l i n e  Lake h a s  improved a s  a  
r e s u l t  of t h i s  s tudy .  However, v a r i a t i o n s  i n  f i l l i n g  r a t e  and t h e  mechanisms 
t h a t  cause  marked v a r i a b i l i t y  i n  d i s c h a r g e  s t i l l  pose impor tan t  q u e s t i o n s  
(Sturm and o t h e r s ,  1987) which must be addressed  i n  o r d e r  t o  p r e d i c t  j aku l -  
h l a u p s  from S t r a n d l i n e  Lake. 
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Table 1. Summary of Strandline Lake f l o o d  h i s t o r y .  

No. y r s  s ince  Flood s t age ,  
Year Event l a s t  f lood Beluga River br idge  Precursor  events  Source 

1940 f lood ? ? ? 'Beluga' Joe  Sne l l e r ,  recorded by 
E.P. Whittemore, 1978. 

USGS photos 23 vv 1370 PMG M. 1954 lake  f u l l  
(29 Aug) 

Calving bay, moderately heavy 
iceberg  concent ra t ion  i n  lake  

1958 f lood Walter Shultz,  Anchorage Times, 15  J u l  79. 

Ae r i a l  photos (obl ique) ,  Austin Post ,  USGS. 1960 lake  low 

Calving bay with heavy iceberg  Aer i a l  photos ( v e r t i c a l ) ,  Austin Pos t ,  USGS. 
concent ra t ions  i n  l ake  

1970 lake  f u l l  

( 2  Sep) 

1970-? f lood?  Calving bay with heavy iceberg  Flood poss ib l e  i n  1970 based on appearance 
concent ra t ions  i n  lake  a t  2 Sep 70. No observat ions  of t h e  lake  

recorded between 2 Sep 70 and 12  Jun 74. 

1974 lake  about Aer i a l  photos ( v e r t i c a l )  obtained from 
North P a c i f i c  Aer i a l  Survey, Inc.  (NPAS). 

I 
(12 Jun) 3/4 f u l l  

r 
rD 

I 1974 flood 1 m below old  br idge  Increased calving;  i c e  dam had Oblique photos, E.P. Whittemore. 
calved back from i t s  June pos i t i on  

1979 * f lood 
(11  J u l )  

Destroyed o l d  br idge  Heavy ca lv ing  from ca lv ing  embay- Oblique photos, E.P. Whittemore. 
ment and had calved back from 
previous pos i t i on  

f lood Rose 4.3 m a t  
new br idge  

Heavy ca lv ing ,  l a r g e  ca lv ing  
embayment; marginal l akes  f u l l  

Oblique photos, E.P. Whittemore. 

1982 f lood 
(17 Sep) 

Heavy ca lv ing  and deep embayment; Ae r i a l  photogrammetry and f i e l d  observa- 
a l l  marginal lakes  f u l l  t i o n s  by authors.  

** 
1984 f lood 

(31  Aug-16 Sep) 

Heavy ca lv ing  and moderate embay- Aer i a l  photogrammetry and f i e l d  observa- 
ment; a l l  marginal lakes  f u l l  t i o n s  by authors.  

* Dates i nd i ca t e  ca t a s t roph ic  s t age  of a longer event .  
** Note added i n  proof. 
? Indica tes  uncer ta in ty .  


